Introduction
Triage scales were introduced to ensure reliability and safety throughout the triage process. The use of comprehensive triage scales has increased rapidly in recent decades, simultaneously with a rise in the expectation of concordance among triage staff in the emergency department (ED) [1] . It is of primary importance that hospital personnel have the required competences to perform triage successfully. According to emergency associations, a registered nurse needs to perform triage [2, 3] . A number of studies have investigated the role of physicians in triage, including their role in triage in the ED [4, 5] . According to some research, a physician may guide the selection of medical services effectively, thereby mitigating the negative effect of overcrowding and improving patient flow through the triage process in the ED.
The use of nurses in triage is more cost-effective for hospitals than is the use of physicians. As triage also requires experienced clinicians, using nurses in the triage room rather than experienced physicians can cut hospital costs [7] . However, prior to drawing conclusions about the relative advantages of physicians versus nurses in performing triage, it is imperative to investigate the reliabilThis article is freely accessible via the "Editors Pick" Choice.
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ity of triage decisions made by physicians and nurses [6] . Assessments of interrater reliability can examine the consistency across clinicians' decisions and the extent of the similarity in physicians' and nurses' triage practices. It is important to know that clinical decisions must be reliable to be valid. High inter-rater reliability (κ = 0.81-1.00) denotes similarity in the performance of physicians and nurses. Information on the level of agreement between triage decisions made by physicians versus those made by nurses can shed light on similarities in decision making. The level of similarity is very important, as it determines the comparability of their performances. It should be noted that information on the level of agreement does not shed light on the accuracy of triage decisions (validity).
Poor agreement between physicians and nurses may become a source of conflict in the ED and lead to increased tension in the physician-nurse relationship. The findings of previous studies that examined the inter-rater reliability of triage decisions made by physicians and nurses were inconclusive (κ range: 0.186-0.94) [8, 9] . Information is lacking on concordance between physicians and nurses in terms of triage decision making [8, 9] . Computing a pooled estimate of a reliability coefficient could help identify the potential effect of emergency clinicians in terms of profession on triage concordance [10] . Therefore, the aim of this meta-analytic review was to determine the level of agreement between physicians and nurses in triage decision making.
Methods

Literature search
Electronic databases, including Scopus and PubMed, were searched from conception to 1 September 2018. A publication date filter was not used. The search terms included "Reliability", "Triage", "Physician", "Nurse", "Agreement" and "Emergency. " Relevant citations in the reference lists of the included studies were hand searched to identify other potential articles Two researchers independently examined the search results to recover potentially eligible articles (. Fig. 1 ). If needed, the authors of the research papers were contacted to retrieve supplementary information.
Eligibility criteria
Irrelevant and duplicated results were eliminated. Only studies that used formal triage scales were included. Only English-language publications were reviewed. The latest version of the triage scale was identified through papers published after 2008 for the Canadian Triage and Acuity Scale (CTAS) and 2012 for the Emergency Severity Index (ESI). Articles were selected according to the Guidelines for Reporting Reliability and Agreement Studies [11] . According to these guidelines, only studies that reported descriptions of the sample size, number of raters and subjects, sampling method, rating process, statistical analysis, and reliability coefficients were included in the analysis. Each of these items was graded qualified if described in sufficient detail in the paper. A qualified paper was defined as one with a qualifying score of >6 out of eight criteria. Disagreements were resolved by consensus. Articles that did not report the type of reliability were excluded from the analyses.
Data extraction
In the next phase, information was retrieved on the following parameters: participants (age group and size), raters (profession and size), instruments (live vs. scenario), origin and publication year of the study, reliability coefficient, and methodology. The reliability coefficients extracted from the articles were as follows: inter-rater reliability, kappa (κ) coefficient (weighted and unweighted), intraclass correlation coefficient, Pearson's correlation coefficient, and Spearman's rank correlation coefficient. In a metaregression, each sample was considered a unit of analysis. If the same sample was reported in two or more articles, it was included once. In contrast, if several samples of different populations were reported in one study, each sample was separately included as a unit of analysis.
Data analysis
Pooling data of reliability coefficients was performed for both types of reliability. The most qualified articles reported reliability coefficients using kappa statistics (an r type of coefficient, ranging from -1.00 to +1.00).
The agreement was defined as poor (κ = 0.00-0.20), fair (κ = 0.21-0.40), moderate (κ = 0.41-0.60), substantial (κ = 0.61-0.80), or almost perfect (κ = 0.81-1.00) [12] . Kappa can be treated as a correlation coefficient in a metaanalysis. Q and I 2 statistics were used to assess statistical heterogeneity among the selected studies. Variables with Q statistics with a P-value < 0.05 were considered heterogeneous. It means that the amount of total variance was more than we would expect based on the within-study error, a random effects model was assumed [13] . To obtain the correct interpretation, back-transformation (z to r transformation) of the pooled effect sizes to the level of primary coefficients was performed [14, 15] . Fixed effects and random effects models were applied. The data were analyzed using Comprehensive Meta-Analysis software version 2.2.050 (Biostat, Inc., Englewood, NJ, USA).
Simple meta-regression analysis was performed according to the method of moments estimator [16] . In the metaregression model, to detect potential predictors of reliability coefficients, the effect size was considered the dependent variable, and the studies and characteristics of the subjects were considered the independent variable. The z-transformed reliability coefficients were regressed on the publication year of the study and distance. Distance was defined as the distance from the origin of each study to the place of origin for the triage scales. The meta-regression was performed using a random effects model because of the presence of significant between-study variation [17] .
Results
Study selection and characteristics
The search strategy identified 96 primary citations relevant to the present study on the agreement between emergency physicians and nurses in ED triage. A total of 12 articles met the inclusion criteria (. Fig. 1 ). Subgroups were organized for method of reliability (intra-/interrater) and reliability statistics (weighted/ unweighted κ). The level of agreement among the reviewers in the final selection of the articles was almost perfect (κ = 1.0).
The sample size was 9653. The studies were conducted in four countries (Canada, Iran, Korea, and the USA). The publication year of the studies ranged from 1999 to 2015 (median: 2009). Seventy-five percent of all the studies were conducted using the latest version of the triage scale. All the studies used inter-rater reliability. The weighted κ coefficient was the most commonly used statistic (. Table 1 ). The overall pooled coefficient was 0.756, denoting substantial agreement between physicians and nurses (95% confidence interval [CI]: 0.659-0.823; z-value: 10.410, P < 0.001, Q-value model: 984.176, df: 11, P = 0.001; . Fig. 2 ).
Subgroup analyses
The weighted κ and unweighted κ was 0.797 and 0.719, respectively, denoting substantial reliability in the level of agree- 
Do physicians and nurses agree on triage levels in the emergency department? A meta-analysis Abstract
Introduction. Few studies have focused on the agreement between emergency physicians and nurses in the triage of emergency patients. The aim of this metaanalytic review was to examine the level of inter-rater reliability between physicians and nurses on the use of triage scales. Methods. Detailed searches of a number of electronic databases were performed up to 1 September 2018. Studies that reported sample sizes, reliability coefficients, and a comprehensive description of the assessment of the inter-rater reliability of physicians and nurses were included. The articles were selected according to the Guidelines for Reporting Reliability and Agreement Studies (GRRAS). Two reviewers involved in the study selection, quality assessment, and data extraction performed the review process. The effect size was estimated by z-transformation of reliability coefficients. Data were pooled with random-effects models, and a metaregression was performed based on the method of moments estimator. Results. Twelve studies were included. The pooled coefficient for the level of agreement between physicians and nurses was substantial, with a value of 0.756 (confidence interval [CI] 95%: 0.659-0.828). The level of agreement was higher for the weighted kappa (κ), live cases, and pediatric cases than the unweighted κ, paper-case scenarios, and adult cases, respectively. The level of agreement between physicians and nurses on triage scales has improved over time (B = 0.011; P < 0.001). Fig. 2) . The level of agreement between physicians and nurses in terms of their assessments of paperbased scenarios and live cases was also substantial, with values of 0.683 (95% CI: 0.546-0.784) and 0.793 (95% CI: 0.679-0.869), respectively. Furthermore, the level of agreement on adult and pediatric patients was substantial, with a value of 784 (95% CI: 0.622-0.881) for adult cases and 0.772 (95% CI: 0.637-0.862) for pediatric cases.
Conclusion.
Overall, the level of agreement between physicians and nurses was substantial, and this level of agreement should be considered acceptable for triage in the emergency department. Further studies on the level of agreement between physicians and nurses are needed. Keywords Triage · Physician · Nurses · Emergency treatment · Reliability and validity · Meta
Moderator effect
A meta-regression analysis was performed based on the method of moments for distance and publication year. Studies reported a higher pooled coefficient for locations closer to the origin of the triage scales was not significantly greater than those further from the origin of the ESI (. Table 2 ). The reliability of triage decisions improved over time.
Sensitivity analysis
A sensitivity analysis of the impact of the triage scale on the agreement between physicians and nurses showed that the reliability of the ESI was substantial, with a value of 0.777 (95% CI: 0.675-0.849; z-value: 9.36, P < 0.001; Q-value model: 983.50, df: 10, P = 0.001; after removing 
Discussion
The results revealed a substantial level of agreement between physicians and nurses in triage decision-making. Thus, the inter-rater reliability of physicians and nurses appears to be acceptable. As a result, triage decisions are consistent in the ED. However, most of the studies (10 of 12) used weighted κ statistics to report agreement between emergency physicians and nurses. As weighted κ statistics overestimate inter-rater reliability among raters [18] , the results should be interpreted with caution. It is also important to note that the actual level of agreement between physicians and nurses may be lower than that found in the current study. Weighted κ statistics demonstrate higher reliability than do unweighted κ statistics because they place more emphasis on large differences between ratings than that of small differences [19] . It is important to note that errors resulting in one category misclassification may endanger the life of critically ill patients. However, unweighted κ statistics provide a reasonable estimation of reliability in terms of the level of agreement between physicians and nurses [18] . In the present study, only three of the studies used unweighted κ to report reliability [8, 20, 21] . Therefore, the sample is not enough to draw any further conclusion. Kappa is not notably different between case-mix (adult) and pediatric cases (0.784 vs. 0.772). This finding may be due to the ESI using a similar framework for both adult and pediatric patients [22] . The main difference between adult and pediatric versions is mainly vital signs criteria. Therefore, it is expected that the reliability coefficient does not differ greatly between age subgroups. It probably does not make much difference to the level of overall reliability.
In the present study, the level of agreement between physicians and nurses in terms of live cases and paper-case scenarios was congruent with that of the study by Worster et al. [23] , and the use of live cases was associated with increased reliability as compared with that of paper-case scenarios (0.793 vs. 0.758). Worster et al. demonstrated that there was moderate to high agreement between live cases and paper case scenarios (0.9 vs. 0.76), with paper-case scenarios generally receiving lower triage scores than live cases [23] . Live cases usually provide important clinical clues for raters, resulting in higher reliability of raters' triage scores. The slight difference shows that it cannot be a source of bias in overall pooled coefficients.
As shown in . Table 2 , the concordance between physicians and nurses has increased with time. This may be due to multiple revisions of triage scales in recent years, supporting the idea that triage systems need to be regularly updated. In addition, bothphysicians and nurses have amassed a large amount of experience in the use of these scales since their introduction some years ago. They have also received training in the use of these scales in the ED. Of note, reliability differs from validity. Thus, substantial reliability does not necessarily indicate acceptable validity.
The meta-regression showed no significant difference in terms of the distance from the origin of the triage scale. However, the reliability coefficient in countries that are far from the country of origin of the scale was lower than that of countries close to the origin of the scale. However, the difference is not significant because the ESI framework is mostly objective and based on vital signs criteria (. Table 2 ). The simplicityand objectivity of the ESI may limit the role of contextual and local factors in the reliability between physicians and nurses. This finding is congruent with that of a previous study on the reliability of ESI [6] . On the other hand, subjective triage scales, such as the Manchester Triage Scale (MTS), showed a significant difference in terms of the distance from the origin of the MTS [24] . One possible reason for this difference might be that the complaintbased nature of the MTS reduces both the objectivity and reliability of the triage scale. It could be translated in different cultural contexts in countries outside the U.K. with different health care systems and cultures of health care practice [1] . In contrast to the MTS, the ESI triage scale has been adapted for use in other countries, despite cultural diversities [6] . Only one study by Storm-Versloot et al. has directlycompared the reliabilityof the ESI versus that of the MTS [25] . They reported that the MTS showed greater inter-and intraobserver agreement than the ESI using paper-based clinical scenarios. Meta-analytic studies showed no difference in terms of the reliability of the ESI and MTS. In these studies, the pooled coefficient for the ESI triage scale was 0.791 (95% CI: 0.787-0.795), and it was 0.751 (95% CI: 0.677-0.810) for the MTS [6, 24] . Therefore, none of them have been able to increase the reliability level to almost perfect. Based on our literature search, no studies seem to have assessed the level of agreement between physicians and nurses in MTS and ATS. The absence of studies on the inter-rater reliability between physicians and nurses in terms of the use of the MTS has not been addressed in the literature. The latter may be due to the fact that the MTS is composed of 50 algorithms, and it is relatively complicated. Thus, it is not rational for emergency physicians to learn the MTS only for research purposes. This may be true for ATS as well. In contrast, it is easy to learn the ESI. Thus, most studies that assessed the level of agreement between emergency physicians and nurses have focused on the ESI. It deserves further investigation.
The present study has a number of limitations. In the present analysis, only a few studies included an unweighted κ for inter-rater agreement between raters. As this study was mainly limited to weighted κ, the results should be interpreted with caution, and potential overestimation of the pooled coefficients must be considered. Contingency tables were not adequately reported in the included studies. Thus, we do not know whether the reliability differences among physicians and nurses are related to which level of the triage scale. Most disagreement may possibly relate to triage levels 2-4, as patients in level 1 and 5 are easily distinguishable from those in the other triage categories (levels 2-4). Patients in level 1 are clearly critically ill, and patients in level 5 are completely stable and ambulatory.
Although the triage scale supports evidence-based practice in the ED [26, 27] , there is a considerable gap between research and clinical practice, even at the best of times [28] . Therefore, the reliability in the level of agreement between physicians and nurses in the field may differ from that reported herein. It is worth mentioning that triage reliability hardly exceeds the substantial level, except in situations where there are highly homogenous raters, such as expert-expert agreement. In such cases, the reliability coefficient could be almost perfect (0.90) [12] .
Conclusion
Overall, the level of agreement between physicians and nurses was substantial, and this level of agreement should be considered acceptable for triage in the ED. The reliability of triage decisions has improved over time because of practice effect. Therefore, the reliability between physicians and nurses at this point just needs more development to reach almost perfect agreement and decrease disagreement. Further studies on the level of agreement between physicians and nurses are needed.
